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Scott S. Berman, MD,  and Joseph L. Mills, MD,  Tucson, Ariz. 
We report the case of a 71-year-old man who had interval gangrene of his calf with 
subsequent vein graft blowout 3 months after undergoing a femoral-to-dorsalis pedis 
saphenous vein bypass grafting procedure. To provide wound coverage, restore vascular 
continuity, and preserve functional ambulation, a flow-through radial forearm fasciocu- 
taneous free flap was interposed between cut ends of the bypass graft. Venous drainage of 
the flap was from the cephalic vein to the popliteal vein. At 1 month after the operation, 
the patient had complete wound healing and began to ambulate. At 11 months an 
asymptomatic high-grade stenosis in the distal radial artery segment of the reconstruction 
was successfully treated with percutaneous angioplasty. After 22 months of follow-up 
there have been no further complications, and the patient continues to have full, 
functional ambulation. The radial forearm flow-through free flap allows single-stage 
restoration of bypass graft continuity and coverage of extensive, complex tissue defects. 
This technique represents a novel approach to this difficult problem and provides aviable 
alternative to major limb amputation. (J Vase Surg 1997;26:711-4.) 
Free tissue transfer as an adjunct to vascular e- 
construction is proving a successfifl alternative to 
amputation in patients who have critical lower ex- 
t remi ty  ischemia and extensive tissue loss. Several 
small series report l imb salvage rates between 70% 
and 90% at more than 2 years of  follow-up. ~ s Inter- 
val gangrene, or segmental ischemic tissue necrosis 
despite apatent bypass graft, is an even greater obsta- 
cle to  limb salvage. Of  eight patients reported over 
the past 20 years, six required major amputation and 
two were treated with latissimus dorsi free tissue 
transfer. 6-1° We describe a case of  aggressive limb 
salvage and wound coverage using a radial forearm 
fasciocutaneous flow-through free flap in an elderly, 
diabetic patient who had femoropedal bypass graft 
blowout as a result of  interval gangrene. Although 
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flow-through radial forearm free flaps have been used 
in traumatized limbs and radical excisions of head 
and neck tumors, t~,12 we believe this report repre- 
sents the first application of  this technique to limb 
salvage in the setting of  interval gangrene and vein 
graft rupture. 
CASE REPORT 
A 71-year-old ambulatory man with diabetes who had 
severe, chronic tibioperoneal occlusive disease and a previ- 
ous left below-knee amputation sought medical attention 
with a cool right foot and pregangrenous changes of the 
fight first and second toes. An arteriogram demonstrated 
relatively normal vessels to the level of the adductor hiatus, 
with diffuse trifurcation disease and occlusion of the ante- 
rior and posterior tibial arteries, with reconstitution of 
diseased peroneal and dorsalis pedis arteries. A fight super- 
ficial femoral artery-to-dorsalis pedis bypass procedure 
was performed with subcutaneously tunneled, good-qual- 
ity reversed greater saphenous vein. A completion arterio- 
gram revealed a good technical result, and the patient was 
discharged home on postoperative day 7 with a palpable 
dorsalis pedis pulse and healing wounds. Two weeks later, 
he underwent open amputation of the demarcated, gan- 
grenous right first and second toes. 
Within 1 month, despite healing toe amputation sites 
and a patent bypass graft, progressive interval gangrene 
developed over the greater saphenous vein halwest incision 
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Fig. 1. Flow-through radial forearm free-flap. Radial ar- 
tery pedicles of the flap are interposed between cut ends of 
the ruptured bypass graft to restore vascular continuity and 
provide wound coverage. Venous outflow from the flap is 
by anastomosis of the cephalic vein to the below-knee 
popliteal vein. 
in the medial calf. Over the next month, multiple debride- 
ments were performed for full-thickness i chemic soft-tis- 
sue necrosis. After apparently adequate local debridement, 
a skin graft was placed over this area for wound and bypass 
graft coverage. 
The patient subsequently returned with throbbing calf 
pain and a herald bleed from exposed vein bypass graft. 
Surgical exploration revealed a patent graft with a focal, 
punctate graft rupture at midcalf and an intact distal pedal 
anastomosis. Wide debridement was carl"led out, including 
a 20 × 10 cm area of full-thickness soft-tissue necrosis of 
the distal calf, with exposed eep extensor tendons, tibia, 
and 8 cm of the bypass graft. To simultaneously cover the 
wound and restore vascular continuity, a radial artery- 
based forearm fasciocutaneous flow-through free flap was 
interposed between cut ends of the bypass graft. Arterial 
inflow to the flap was provided by anastomosing the prox- 
imal radial artery pedicle end-to-end to the saphenous vein 
bypass graft in the upper calf. The distal radial artery 
pedicle was anastomosed to the vein graft stump above the 
medial malleolus. Venous outflow from the flap was pro- 
vided by anastomosis of the flap-based cephalic vein to the 
below-knee popliteal vein (Fig. 1). Skin grafts from the 
thigh were placed over the forearm donor site. 
The patient had an uncomplicated postoperative r - 
covery, and he was discharge d on the tenth day after the 
operation, and was to bear no weight on the leg for 3 
Weeks. The flow-through free flap was viable and had an 
excellent radial artery pulse within the flap down to the 
dorsalis pedis artery. The radial forearm donor site healed 
well (Fig. 2), and there were no hand complaints. 
By 1 month, the free flap was healed (Fig. 3), and the 
patient began walking. He continued to do well and had 
normal results on duplex graft surveillance xaminations. 
One year after free flap reconstruction, the patient was 
noted to have a decreased pedal pulse and a decrease in the 
ankle-brachial index from 1.0 to 0.5. Duplex ultrasound 
scanning revealed apeak systolic velocity of 465 cm/sec in 
the distal radial artery portion of the flap. Except for a focal 
stenosis in the distal radial artery portion of the flap, an 
arteriogram revealed awell-vascularized flap with no other 
abnormalities. The stenosis was successfully treated with 
percutaneous balloon angioplasty, and results of postpro- 
cedure duplex scanning was normal. After 22 months of 
follow-up, there have been no further complications. The 
patient continues to have full, functional ambulation with a 
patent graft and viable flap. 
DISCUSSION 
Large soft-tissue wounds with exposed tendon, 
bone, or vasculature often lie beyond the limits o f  
conventional l imb salvage techniques. These com- 
plex wounds frequently result in major amputation, 
sometimes despite successful revascularization. 13,14 
In the patient described in this report, the combina- 
tion of  interval gangrene and a superficially-placed 
bypass graft led to graft exposure and subsequent 
rupture. Multiple local debridements and skin graft- 
ing failed to achieve primary healing. Although pre- 
disposing factors are not clear, interval gangrene may 
develop as a result o f  disruption o f  profunda and 
perigeniculate collaterals by ligation or bypass graft- 
ing. 7-9 The combinat ion of  an occluded popliteal 
trifurcation and a heavily calcified dorsalis pedis ar- 
tery proximal to the distal anastomosis may have 
prevented retrograde blood flow to the calf, causing 
full-thickness ischemic necrosis. A l though initial ret- 
rograde filling was seen on the complet ion angio- 
gram, thrombosis o f  these small, low-flow collateral 
vessels has been known to occur. Endarterectomy o f
inflow vessels or sequential bypass grafting has been 
recommended to maintain the collateral flow to by- 
passed segments in patients who have interval gan- 
grene. 7,8 
The second obstacle to successful revasculariza- 
tion in this patient was the management  of vein-graft 
blowout. The cause of  most autogenous graft blow- 
outs is presumed to be graft or wound infection. 
Previous reports on the natural history o f  this condi- 
tion reveal a 20% in-hospital mortality rate and a 27% 
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Fig. 2. Healed radial forearm flee flap donor site 2 months after operation. With skin grafting 
and carefifl wound management, the rate of donor site morbidity islow. 
amputation rate in patients who have infrapopliteal 
prosthetic and autogenous graft infections. 15-17 The 
case presented here is unique in that the patient had 
midgraft exposure from segmental, interval tissue 
loss with intact proximal and distal anastomoses 
without graft sepsis. 
Free tissue transfer techniques, and flow-through 
flaps in particular, offer numerous advantages in the 
management of large ischemic wounds with exposed 
tendon or bone and disrupted vasculature. They pro- 
vide healthy, well-vasculatized tissue from a remote, 
relatively nonatherosclerotic s te and contain an in- 
dependent blood supply that is not reliant on vascu- 
lar ingrowth from the recipient bed)  8 In fact, in- 
creased collateral outflow may increase graft patency 
and aid neovascularizafion i to surrounding tis- 
sue. 1,18,19 In two previously reported cases of interval 
gangrene treated by free tissue transfer, Dardik et al. 8 
and I~pantalo and Tukiainen ~°used latissimus mus- 
cle free flaps for wound coverage. Unlike the radial 
artery flow-through free flap, the lafissimus dorsi flap 
has a single arterial pedicle, based on the thorac0dor- 
sal artery, which can be anastomosed end-to-side off 
of an existing or new bypass conduit. In the present 
patient, by interposing the radial artery segment of 
the tissue flap between the previous femoral-to-pedal 
bypass graft, we were able to preserve a well-func- 
tioning autogenous vein graft with mature distal 
anastomosis. 
Flow-through flaps can provide a source of vascu- 
lar conduit when another source is not available, and 
they are amenable to revision by additional interpo- 
sition. 12 Radial flow-through flaps provide adequate- 
caliber (3 to 4 ram) vascular pedicles as long as 20 cm 
that readily conform to a particular defect. 11 The 
most important complication--complete flapnecro- 
sis as a result of  arterial or venous thrombosis--is 
reported to occur in less than 5% of cases. 13 Although 
some investigators prefer performing staged flap pro- 
Hg. 3. Healed radial forearm free flap 1 month after 
operation. 
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cedures to minimize the anesthetic risks, assess the 
bypass graft patency, and provide optimal wound 
care, one-step coverage avoids multiple operative 
procedures into a scarred bed and multiple hospital- 
izations. 1,4 Operative times are prolonged, but si- 
multaneous work by plastic surgery and vascular sur- 
gery teams can reduce these times to an acceptable 
and safe range. 
In the case of this ambulatory amputee with dia- 
betes who otherwise faced bilateral amputation, we 
decided an aggressive approach with a flow-through 
radial forearm free flap was the best option. It pro- 
vided single-stage, durable wound coverage, restora- 
tion of vascular continuity, and preservation oflong- 
term independent activity. In selected, ambulatory 
patients who have large soft tissue defects or exposed 
tendon, bone, and disrupted vasculature, this tech- 
nique can extend the limits of limb salvage. 
REFERENCES 
1. Cronenwett JL, McDonald MD, Zwolak RM, Walsh DB, 
Schneider JR, Reus WF, Colen LB. Limb salvage despite 
extensive tissue loss: free tissue transfer combined with distal 
revascularization. Arch Surg 1989;124:609-15. 
2. Karp NS, Kasabian AK, Siebert JW, Eidelman Y, CoRn S. 
Microsurgical free flap salvage of the diabetic foot: a 5-year 
experience. Hast Reconstr Surg 1994;94:834-40. 
3. Oishi SN, Levin LS, Pederson WC. Microsurgical manage- 
ment of extremity wounds in diabetics with peripheral vascu- 
lar disease. Hast Reconstr Surg 1993;92:485-92. 
4. Ciresi KF, Anthony JP, HoflSnan WY, Bowersox JC, Reilly 
LM, Rapp JH. Limb salvage and wound coverage in patients 
with large ischemic ulcers: a multidisciplinary pproach with 
revascularization a d free tissue trmlsfer. J Vasc Surg 1993;18: 
648-55. 
5. Serletti J, Hurwitz S, Jones J, Herrera HR, Reading GP, 
Ouriel K, Green RM. Extension of limb salvage by combined 
vascular econstruction and adjunctive free tissue transfer. J 
Vasc Sttrg 1993;18:972-80. 
6. Rudich M, Gutierrez IZ, Cage AA. Obturator b3q?ass in the 
management of infected vascular prostheses. AmJ Surg 1979; 
137:657-60. 
7. Memsic L, Busuttil RW, Machleder H, Quinones-Baldrich W,
Baker D, Moore W. Interval gangrene occurring after success- 
ful lower extremity revascttlarization. Arch Surg 1987;122: 
1060-3. 
8. Dardik H, Pecoraro J, Wolodiger E, Kahn M, Ibrahim IM, 
Sussman B. Interval gangrene of the lower extremity: a com- 
plication of vascular surgery. J Vase Surg 1991;13:412-5. 
9. Gentile AT, Porter JM. Interval gangrene after femoral tibial 
bypass grafting. In: Goldstone J, editor. Perspectives invascu- 
lar surgery, vol. 8. St. Louis: Quality Medical Publishing, 
1995:76-81. 
10. Lepantalo M, Tukiainen E. Combined vascular econstruc- 
tion and microvascular muscle flap transfer for salvage of 
ischaemic legs with major tissue loss and wound complica- 
tions. Eur J Vase Endovasc Surg 1996;12:65-9. 
11. Costa H, Gnimares I, Cardoso A, Malta A, Amarante J, 
Guimaraes F. One-staged coverage and revascularization or 
traumatized limbs by a flow-through radial mid-forearm free 
flap. Br J Hast Surg 1991;12:65-9. 
12. Koshima I, Kawada S, Etoh H. Flow-through anterior thigh 
flaps for one-stage reconstruction of soft tissue defects and 
revascularization fischemic extremities. PlastReconstr Surg 
1995;95:252-9. 
13. Greenwald LL, Comerota AJ, Mitra A, Grosh JD, White IV. 
Free vascularized tissue transfer for limb salvage in peripheral 
vascular disease. Ann Vasc Surg 1990;4:244-54. 
14. Sedetti JM, Deuber MA, Gidera PM, Herrera HR, Reading 
G, Hurwitz SR, et al. Arherosclerosis of the lower extremity 
and free tissue reconstruction for limb salvage. Hast Reconstr 
Surg 1995;96:1136-44. 
15. Calligaro KD, Veith FJ, Schwartz ML, Goldsmith J, Savarese 
RP, Dougherty MJ, DeLaurentis DA. Selective preservation 
of infected prosthetic arterial grafts. Ann Surg 1994;220:46 I- 
7l. 
I6. Calligaro KD, Veith FJ, Doughel'ty MJ, DeLaurentis DA. 
Management and outcome of infrapopliteal arterial graft in- 
fections with distal graft involvement. Am J Surg 1996;I72: 
i78-80. 
17. Kikta MJ, Goodson SF, Bishara RA, Meyer JP, Schuler JJ, 
Flanigan DP. Mortality and limb loss with infected infraingni- 
nal bypass grafts. J Vasc Surg 1987;5:566-71. 
18. Mimoun M, Hilligot P, Baux S. The nutrient flap: a new 
concept of the role of the flap and application to the salvage of 
arteriosclerotic lower limbs. Hast Reconstr Surg 1989;84: 
458-67. 
19. Shestak KC, Fitz DG, Newton ED, Swartz WM. Expanding 
the horizons in treatment of severe peripheral vascular disease 
using microsurgical techniques. Hast Reconstr Surg 1990;85: 
406-11. 
Submitted Mar. 19, 1997; accepted May 9, 1997. 
